Summary
Introduction
Readmissions after an acute care hospitalisation are frequent and associated with significant burden for patients and healthcare systems. Overall, 14-22% of the patients are readmitted within 30 days after discharge from an acute care hospitalisation [1] [2] [3] . A recent systematic review showed that interventions could reduce rates of readmission, but also that the most successful interventions are the most complex ones [4] . Therefore, to be efficient, we need to target these intensive discharge interventions to the patients with a high risk of readmission. However, clinical providers are not able to identify accurately which patients are at high risk for readmission [5] . The HOSPITAL score has been shown to identify accurately medical patients at high risk for 30-day readmission and is currently one of the best validated readmission prediction models, with good performance shown in five countries and nearly 150 000 patients [1, 6, 7] . The score consists of seven variables readily available at discharge, and allows stratification of the patients before hospital discharge into three categories of risk for readmission. The HOSPITAL score has yet not been validated prospectively. A prospective validation study is an essential step in the level of evidence [8] [9] [10] . It also demonstrates the performance of the score and its practicability in real life. Moreover, this study would inform about the validity of the score in another population outside a tertiary care hospital (generalisability). We aimed, therefore, to assess the performance of the HOSPITAL score using a prospective cohort of medical patients in Switzerland.
Methods

Study design and population
We conducted a prospective cohort study between 8 April and 23 September 2013. We included all consecutive patients aged ≥50 years admitted to three of seven divisions of the department of general internal medicine of the Fribourg Cantonal Hospital (115 beds, 4400 admissions/year). The patient was the unit and was included only once. We excluded patients who refused or were unable to give informed consent, who died during hospitalisation or who were transferred to another acute care, rehabilitation or palliative care facility. We aimed to include 350 patients. The study was approved by the local ethics committee and follows the criteria from the "Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis" (TRIPOD) initiative [11] .
Outcome
The primary outcome was the first unplanned readmission and/or death within 30 days after the index hospital discharge. Unplanned readmission was defined as emergent or urgent, i.e., not scheduled in advance for treatment or investigation. We contacted all patients by telephone 6 months after the first hospital discharge to identify the first readmission and/or death. For patients who could not be reached after several phone call attempts, we called the primary care physician, family members, close relations, or the nursing home, as available. Additionally, electronic patients' files were checked for any readmission or death within Fribourg Hospital Network, which includes three acute care centres (Fribourg, Riaz, Tavel).
Predictor variables
"HOSPITAL" is the acronym for the seven variables included in the score (table 1) [1] : Haemoglobin at discharge (positive if <120 g/l), discharge from an Oncology service, Sodium level at discharge (positive if <135 mmol/l), any Procedure performed during the index hospitalization (i.e. any International Classification of Disease [ICD] coded procedure), Index admission Type (positive if emergent or urgent as opposed to elective), number of Admissions in the previous 12 months (0 point for 0-1 admission, 2 points for 2-5 admissions, and 5 points for >5 admissions), and Length of stay (positive if ≥5 days). Some of the predictors were adapted according to the study setting for practical reasons, before the start of patient inclusion. Because the hospital had no specific oncology division, the variable "discharge from an oncology service" was replaced by "active oncological diagnosis on admission or during hospitalisation" (i.e. in the past 5 years, including metastatic and nonmetastatic solid tumors and haematological malignancies). The following procedures were considered: coronary angiography, angioplasty, thromboaspiration, stenting, pacemaker implantation, transoesophagal echocardiography, oesogastroduodenoscopy, endoscopic retrograde cholangio-pancreatography, colonoscopy, bronchoscopy, biopsy, thoracocentesis, lumbar puncture, paracentesis, chemotherapy, radiotherapy, continuous pressure ventilation, intubation, transfusion (blood or platelets), graft, dialysis, operation, suture, electro-neuromyography, joint aspiration, cystoscopy, bone marrow aspiration/ biopsy, magnetic resonance imaging, computed tomography, angiography, positron emission tomography, scintigraphy. Because the mean length of hospital stay is longer in Switzerland [12] than in the USA [13] , where the score was originally developed, the cut-off for the variable "length of stay" was increased from ≥5 to ≥8 days, in order to have the same proportion of patients receiving one point for this variable. As we recorded admissions in the past 6 months, and not in the past 12 months as originally, the categories were adapted accordingly as follows: 0 point for 0 admission, 2 points for 1-2 admission(s), and 5 points for >2 admissions. For haemoglobin and sodium levels, a blood sample was collected within 24 hours before discharge. We imputed 0 point (= normal) for missing values. Sodium and haemoglobin were missing for 2 (0.6%) and 3 (0.9%) patients, respectively. Other variables used in the score and outcome data were available for all the included patients. The scoring system ranges from a minimum of 0 point to a maximum of 13 points, with a risk of 30-day unplanned readmission that increases with the number of points. We compared the performance of the HOSPITAL score with another score developed in Canada, in order to evaluate whether the HOSPITAL score has better generalisability than another prediction model [14] . We chose the LACE score because it is one of the best known scores besides the HOSPITAL score, even though validation studies are lacking outside Canada. The LACE index was calculated according to the original derivation study [14] . The LACE index includes the following variables: length of stay, admission mode, Charlson comorbidity index score and number of visits to the emergency department during the last 6 months. Causes of readmission and death were determined based on the patients' or their primary care physicians' information, as available, when readmission or death was outside Fribourg Hospital Network.
Statistical analysis
Categorical variables were described as frequency (percentage) and continuous variables as mean (standard deviation [SD]) or median (interquartile range [IQR]), as appropriate. The total number of points of the HOSPITAL score was calculated for each hospital discharge and used to create three categories of risk for 30-day unplanned readmission or death: low risk if 0 to 4 point(s), intermediate risk if 5 or 6 points, and high risk if 7 or more points. The predicted risk of 30-day unplanned readmission or death was estimated according to the HOSPITAL score for each of these three categories. The performance of the score was assessed using the following measures: 1. The overall accuracy of the score was assessed with the Brier score, which evaluates how close predicted rates are to the observed rates [15, 16] ; the lower the Brier score, the better the prediction model, with a value <0.25 indicating a useful model [17] . 2. The discrimination power of the score was tested with the C-statistic, which assesses the capacity of the score to discriminate between cases and non-cases, according to sensitivity and specificity of the model [18, 19] . 3. The calibration of the score was tested using the Hosmer-Lemeshow goodness-of-fit statistic, which evaluates how the model can produce probabilities matching the actual rates of outcome [16] ; a p ≥0.05 reflects good fit, and the higher the p-value, the better the fit. For each category of risk described above (low, intermediate, high), the calibration of the score was examined by comparing the observed rates of 30-day unplanned readmission or death with the estimated risks according to the HOSPITAL score. We also looked at the performance of a simplified version of the HOSPITAL score that excluded the variable "procedure performed during the index hospitalisation". This variable was among the least significant variables in the previous validation studies [1, 7] , and might be more difficult to capture prospectively than the others. All tests were conducted as two-sided at a 0.05 level of significance. All analyses were performed with STATA release 12.1 (StataCorp LP, College Station, Texas).
Results
During the study period, we included 346 consecutive discharged patients ( fig. 1 ), among whom 40 (11.6%) were readmitted or died within 30 days. Among them, 37 had an unplanned readmission and 5 died (2 died after being readmitted). Baseline characteristics of the study population, according to the occurrence or absence of 30-day readmission or death, are reported in table 2. Mean age of the pa- Table 1 : HOSPITAL score for 30-day unplanned readmissions, as developed originally (maximum score: 13 points) [1] .
Attribute Value Points
Low Haemoglobin level at discharge (<120 g/l) Yes 1
Discharge from an Oncology service Yes 2
Low Sodium level at discharge (<135 mmol/l) Yes 1
Procedure during the index hospitalisation Length of stay ≥5 days Yes 2
Figure 1
Study recruitment and outcome.
tients Receiver operating characteristic (ROC) curve for readmission or death within 30 days after hospital discharge.
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Discussion
In this study including 346 adult medical patients, we prospectively and externally validated the HOSPITAL score for predicting 30-day unplanned readmission or death. The score showed good performance, with a very good overall accuracy (Brier score 0.10), a good discriminatory power (C-statistic 0.70) and an excellent calibration (p-value for Hosmer-Lemeshow goodness-of-fit test 0.77). Among the 20.2% patients classified at high risk of unplanned readmission or death within 30 days after discharge, 21.6% were identified as at risk of readmission or death, and 20.0% were actually readmitted and/or died. The HOSPITAL score also had performed better than the LACE index in this population.
We observed an 11.6% (40/346) rate of unplanned readmission or death, which is consistent with previous data [1, 3, 20] . Although our study population characteristics were different from the original derivation and validation study, the performance of the HOSPITAL score was similar, which indicates a very good generalisability of the score. Our study population was older (mean age 73.4 vs 61.3 years), had more nonelective admissions (96 vs 87%), had fewer patients with at least one procedure performed during the index hospitalisation (40 vs 72%), had less anaemia at discharge (44 vs 61%), and had more patients with a negative history of hospitalisation before index admission (72% vs 47% in the original study, although the timeframe was different). As expected, the length of stay was longer in our study (73% were hospitalised for more than 4 days, vs 44% in the original study), which is consistent with previous data showing that hospital stay is longer in Switzerland than in the USA [1, 12, 13] , and supports the need to adapt the points imputed for the variable "length of stay" according to the country. In terms of calibration, the absolute proportions in each risk group were somewhat different from the original study (59 % vs 49%, 21% vs 26% and 20% vs 24% in the low-, intermediate-, and high-risk categories, respectively). However, the overall concordance within each decile was excellent, as shown by the HosmerLemeshow goodness-of-fit statistic. Despite these differences between our study and the original study, we found a similar discriminatory power (0.70 vs 0.71), and a better goodness-of-fit than in the original study (p = 0.77 vs p = 0.15). We may therefore assume a wide generalisability of the HOSPITAL score to different patient populations and settings, as differences in the proportions of patients presenting the different items of the score did not invalidate its performance. Previous studies associated cancer with hospital readmission [21] [22] [23] . In the derivation study of the HOSPITAL score also, being discharged from an oncology service was associated with a high risk of unplanned readmission [1] . Although a diagnosis of cancer was significantly associated with 30-day readmission in the original derivation study, the choice of "discharge from an oncology division" was made because this variable could be easier to collect than a diagnosis of cancer. However, not all hospitals have an oncology division, and we showed here that the diagnosis of a recent cancer can also be used instead of the oncology division. We also showed in our population that the variable "any procedure performed during the hospital stay" may be left out if difficult to collect, without reducing the score performance. The discrimination power was indeed identical with or without this variable (C-statistic 0.70) in our study. This simplified version of the HOSPITAL score may allow wider and easier implementation in everyday clinical practice. The HOSPITAL score has several advantages. First, it performs overall better than most of the previously derived scores [24] . In this study, we also showed that the LACE score had a lower discriminatory power in comparison with the HOSPITAL score (C-statistic 0.56 vs 0.70). The superiority of the HOSPITAL score in comparison with the LACE score has also been recently showed in two hospitals in Denmark [6] . Second, it can be applied to any medical patient, regardless of the main diagnosis, as opposed to scores derived for specific diseases only [25] [26] [27] [28] . Third, the predictors used to calculate the score are easily available before discharge. Fourth, it predicts the outcome within 30 days after discharge; we can indeed suppose that readmissions and deaths within a longer time frame may be less closely related to the index hospitalisation. Finally, after having been largely validated retrospectively in five countries and nearly 150 000 patients [7] , it has been now validated prospectively. This study had some strengths. First, we recorded readmissions that occurred within any hospital and not only inside our hospital network. Second, we also recorded deaths occurring after discharge, hypothesising that patients who died might have been readmitted if they had not died. Third, we had no missing data for the outcome of interest, and only very few missing data for the variables included in the score. Finally, all variables were recorded prospectively, which demonstrates the practicability of the score in real-life, and provides a high evidence level to the prediction model [8] .
We must, however, mention some limitations. First, the sample size was relatively small and the study was conducted at a single centre. Second, unplanned readmissions were not defined according to a validated algorithm, but to hospital or patient reports only. Third, we had no oncology service and recorded hospitalisation during the past 6 months only, and therefore had to slightly adapt the score accordingly; however, it obviously did not distort the performance of the score. Finally, as a result of the prospective design, the outcome of readmission was based on patientreported hospital outcomes. On one hand, the prospective study design allowed us to contact all participants in order to capture all first readmissions to any hospital as mentioned above. This is a major advantage in comparison with a retrospective study design where only readmissions to the same hospital can be typically captured. On the other hand, the patients might not remember all the events.
Implications and conclusion
In this prospective study, we validated the good performance of the HOSPITAL score to predict unplanned readmissions and deaths within 30 days after hospital discharge in medical patients. This score uses predictors that are readily available before discharge and could, therefore, be easily implemented in the daily clinical practice. The HOSPITAL score may help clinicians to target more intensive transitional care interventions at the patients who are most likely to benefit, in order to efficiently reduce the negative burden of readmission.
